Abstract: Drought has negative effects on sweetpotato production. Two experiments with two watering treatments (irrigated and water-stressed) were conducted at Umbeluzi Research Station in 2015. The objectives were to (i) determine response of 48 sweetpotato germplasms to mid-season drought, (ii) determine best traits for improvement of storage root yield under mid-season drought and (iii) assess the selection criteria for identifying drought tolerance in sweetpotato germplasms. The irrigated and water-stressed trials received 640 and 400 mm of water, respectively, throughout the season. Water stress was imposed from 30 to 70 days after planting. Each treatment had two replicates arranged in a randomized complete block design. Data collected on storage root and vine yield and derived drought tolerance indices including harvest index were subjected to analysis of variance in R. Sweetpotato germplasms with high storage root yield under mid-season drought were associated with a high harvest index. Harvest index stability and the geometric mean are key to identifying cultivars with high and stable storage root yield under both treatments. MUSGP0646-126, Irene and Ivone combined both low TOL, SSI, HI and high yield storage root yield across the treatments and over seasons. The use of drought and harvest indices is encouraged for selecting improved cultivars for varied production environments and their regular use in accelerated breeding schemes is suggested.
Introduction
Sweetpotato (Ipomoea batatas [L.] Lam) is mainly cultivated for its starch roots, predominantly in developing nations (Woolfe 1992) . Apart from supplying energy, the orange-fleshed cultivars provide betacarotene, a precursor to Vitamin A. Vitamin A prevents night blindness and reduces the incidence of diarrhea and secondary infections caused by micronutrient deficiencies (Birol et al. 2015) .
The production of sweetpotato faces many challenges, ranging from unfertile and poor soils, weeds, pests and unpredictable weather patterns leading sometimes to drought. Drought is defined as the inadequacy of available water through rainfall or irrigation to meet the crop water requirement. Drought is considered the major limitation to sweetpotato production in southern Africa where agriculture is dependent on unimodal rains. Almost all sweetpotato production is rain-fed in this region. Severe and regular droughts often affect southern Mozambique and some parts of Central Mozambique (Andrade et al. 2016) .
The developmental stages of sweetpotato are divided into three: establishment phase (1 -4 weeks), storage root formation (5 -8 weeks) and storage root bulking phase (9 -17 weeks) (Stathers et al. 2013 ). The onset of drought (early, mid-season or terminal), as well as its intensity and duration, significantly affects how much storage root yield loss occurs (Fischer et al. 2003) . Sweetpotato is more vulnerable to drought at plant establishment and significant yield losses were recorded when drought stress occurred within six weeks of planting (Lewthwaite and Triggs 2012) . Drought caused irreversible lignification of new roots to become pencil roots, which have no capacity to store carbohydrates (Lewthwaite and Triggs 2009) .
Future food security, especially in arid and semi-arid regions, relies on the development of drought-tolerant cultivars (Borlaug 2007; Chapman et al. 2012; Tuberosa 2012) . The relative yield performance of genotypes in drought-stressed and irrigated conditions can be used as an indicator to identify drought resistant genotypes in breeding for drought-prone environments. The objectives of the study were to (i) determine cultivar response to midseason drought, (ii) determine best traits for improvement of storage root yield in the mid-season water-stressed period, corresponding to initiation of storage roots compared to non-stressed environments, and (iii) assess the selection criteria for identifying drought tolerance in sweetpotato cultivars that could be recommended for regular use in breeding programs.
Materials and Methods
A total of 48 sweetpotato clones were evaluated at Umbeluzi Research Station in 2015 over two seasons (Table 1) . These clones comprised 12 landraces collected in Mozambique, 22 released cultivars bred by International Potato Center (CIP) in Mozambique, six cultivars bred by CIP in Peru, seven from four countries in east and southern Africa and one clone came from the United States of America. All the clones evaluated in the current study were cleaned and indexed by the tissue culture laboratory. Two irrigation treatments were established: well-watered and water deficit. The well-watered treatments were applied to two entire blocks and two blocks were under water deficit in each season.
Both treatments received four furrow irrigations of 50 mm each: 1 day before planting, and 5, 15 and 25 days 
Results
Genotypes were highly significant for RYTHA and HI (data not shown). The Genotype x Environment (G x E) interaction was significant for RYTHA and HI, making it difficult to select drought-tolerant genotypes between seasons A and B. The drought indices for storage root yield in seasons A and B are presented in Table 2 . The lowest TOL and SSI values were obtained in low-yielding genotypes. For example, 440203 had lower values of TOL and SSI in both seasons A and B, but had low storage root yield. In each season, the drought intensity index (DII) was moderate. MUSGP0646-126 recorded the highest storage root mean yield (t/ha) across treatments over the seasons. The Harvest Indices for genotypes in each season are presented in Table 3 . Across seasons (A & B) , HI varied from 21% (Nhacoongo 1) to 61% (199062.1).
Discussion
While drought has been a major constraint on root crop production, our understanding of the underlying physiological and morphological mechanisms controlling drought tolerance in sweetpotato is still limited compared to other staple food crops such as legumes and cereals (Monneveux et al. 2013) . Sweetpotato is particularly sensitive to drought during the root initiation stage, a period that occurs between four and seven weeks after planting (Onwoume and Charles 1994). The final number of storage roots is determined during this period.
On average, the water stress imposed over the two seasons reduced storage root yield in the water-stressed treatment by 35% and 26% in season A and B, respectively. These figures correspond to DII values obtained in season A and B, respectively, expressed as a percentage. To a farmer, a drought tolerant cultivar is one that yields better than any other available cultivar under water limited conditions (Blum 2006 ). The top seven genotypes across the two treatments over all seasons were MUSGP0646-126, Bela, Irene, Ivone, Japon, LO323 and Bita. The cultivars Bela, Irene, Ivone, Bita and MUSGP0646-126 were bred in Mozambique for drought tolerance. Japon and Lo323 are of foreign origin. Deshmukh et al. (2004) defined a drought tolerant genotype as one with a low TOL and minimum SSI which maintains high HI under both well-watered and water-stressed conditions. In the current study, MUSGP0646-126, Irene and Ivone combined low TOL, SSI, HI and high yield storage root yield across the treatments and over all seasons. These are the ideal varieties. Stress tolerance (TOL) and SSI favour genotypes with good yield under stress. These indices are more useful for identifying stress tolerant genotypes that perform well under waterstressed conditions. Combining these indices with HI and geometric or arithmetic yield means helps to identify genotypes that produce high yields in both well-watered and water-stressed environments. Cultivars responded differently to the imposed water stress. The presence of the G X E interaction makes selection of good cultivars difficult in plant breeding programs. The use of drought indices together with HI and geometric or arithmetic yield means can facilitate selection of good cultivars.
